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IntroductIon
A cluster of offshore platforms (90, 93, and 94) in the 
Gulf of Mexico (GOM) located within the Grand Isle block 
(hereafter, called GI 90 block platforms) possess a diverse in-
vertebrate community, including two species of hard corals. 
Our dive team conducted more than 30 underwater surveys 
to observe and collect corals from the GI 90 block oil and 
gas platforms between 10 July 2005 and 21 October 2010 
and found only healthy colonies of corals (Sammarco et al. 
2009, 2010, 2012). 
The BP/Deepwater Horizon MC—252 well blowout oc-
curred on 20 April 2010 and lasted 84 d. It was the second 
largest marine spill in recorded history (Joye et al. 2011). It 
leaked 7.0 x 105 m3 of crude oil from the sea floor into the 
northern GOM (Crone and Tolstoy 2010), but was reported 
to have been capped on 15 July 2010. The GI 90 block plat-
forms are located 168 km WSW of BP’s MC—252 spill site, 
and 60 km south of Port Fourchon, LA. 
The impetus for this study began on 8 May 2011, when 
we noted sporadic mortality of colonies of orange—cup cor-
als, Tubastrea coccinea (Lesson, 1829), and green sun corals, 
Tubastrea micranthus (Ehrenberg, 1834; Cnidaria, Anthozoa, 
Scleractinia) among colonies of coral that appeared to be in 
good health at the GI 90 block platforms. Colonies of T. coc-
cinea which appeared to be healthy displayed markedly less 
tissue regression and were bright orange in color. The mor-
bid polyps were dark brown or black (Figure 1A—D). The 
corals were collected, transported to the laboratory, and 
segregated; healthy—appearing corals were placed in quaran-
tine tanks. After 12 h in quarantine tanks, the coral exudate 
turned the tank water black and the colonies died within 
48 h. After observing this unusual behavior, we decided to 
document subsequent collection events and analyze the dis-
charged oil to determine its source.
MaterIals and Methods 
Survey Sites
The GI 90 block platforms (8o32’37.61”N, 90o03’ 
56.06”W) are located in 64 m of water. Corals were col-
lected on 11 June and 4 August 2011. The upper 20 m of 
the 64 m tall sub—surface rig support structures were sur-
veyed via SCUBA and coral samples were scraped from the 
pilings at 12 and 20 m depths. The survey area was ~6,000 
m2. Upon returning to the research vessel, the coral samples 
were placed in travel containers with seawater (salinity of 
30), kept at 21oC, and transported to shore. 
Figure 1.  Examples of the colonies of Tubastrea coccinea and T. micran-
thus collected from the GI 90 block platforms. A. One half of this colony 
of T. coccinea was dead, as indicated by the brownish/black color and 
loss of tissue, when collected from GI 90 block on 8 May 2011. B. T. coc-
cinea and T. micranthus colonies that showed visible signs of contamination. 
C. and D. T. coccinea colonies that showed visible signs of contamination.
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 We returned to the GI 90 block platforms on 14 Sep-
tember 2011 for additional coral collections; however, the 
collection trip was cancelled due to the presence of large 
crude—oil slicks near the GI 90 block (Figure 2).  
Aquarium Studies
11 June 2011 Analysis
Corals were examined and the specimens that appeared 
to be contaminated with oil were excluded from further ob-
servation. About 40 colonies of T. coccinea and 10 colonies 
of T. micranthus were placed in the quarantine tanks. The 
stocking density was about one coral colony per 35 L of sea-
water and the colonies were maintained in the quarantine 
tanks for 8 wk. The tank water was changed with GOM 
seawater (salinity 30) 3 times the first day, twice daily for 
the following week, and then once daily for the next 4 wk. 
Water changes were reduced to once weekly from weeks 5 
through 8. 
4 August 2011 Analysis
Colonies of coral were examined and any that appeared 
to be contaminated (possessing dead black or brown polyps) 
were excluded from further observation. About 20 colonies 
of T. coccinea were placed in 57 L quarantine tanks. The 
stocking density was about one colony per 35 L of seawater. 
Routine water changes of >50% of the tank’s volume were 
performed after 2, 8, 16, and 48 h and on day 5. The salinity 
of the tank water was maintained at 30.
After day 5, the water within the aquaria was filtered us-
ing mechanical filter floss and a 0.25 x 0.25 m hydrocar-
bon adsorbent cloth (Dynamic Adsorbents®). The filter 
was wrapped in aluminum foil, sealed in a plastic bag, and 
stored at —20oC to preserve the sample for future analysis. 
A sample of the filtered tank water was sent to an ana-
lytical chemistry laboratory specializing in crude—oil and 
related substances (ALS Environmental, Edmonton, Can-
ada) for determination of biomarker profiles. Biomarkers 
are hydrocarbon molecules derived from formerly living 
organisms and are present in crude oils at low concentra-
tions (<100 ppm; Wang et al. 2007). The sample biomarker 
chromotagrams were matched with biomarkers from a BP 
MC—252 pipeline riser sample. Environmental applications 
of biomarker fingerprinting have been extensively reviewed 
elsewhere (Peters and Moldowan 1993; Peters et al. 2005a, 
2005b; Wang et al. 2006). The methodology is described in 
Wang et al. (2007) and Hansen et al. (2007), and has been 
revised by the European Committee for Standardization 
(ECS) (2012). The sample was not analyzed for the presence 
of dispersants. 
On day 7, all surviving corals were sacrificed by placing 
them in fresh water. Three of the colonies were removed 
from the saltwater quarantine tanks and placed in a 113 L 
container of fresh water for 28 d. The purpose of the fresh-
water soaking was to determine if hydrocarbon substances 
would continue to exude from the deteriorating coral tis-
sues. All photographs were recorded using Sony FX High—
Definition video camera and an 18 megapixel Cannon Reb-
el digital camera.
results
11 June 2011
Of the 125 coral colonies collected from the platform 
pilings, 60% showed visible signs of polyp mortality and 
were excluded from further observation. When the healthy 
colonies were placed in the quarantine tanks, they released 
a cloudy white material for 14 h. Several hours later, the 
aquarium water turned brown and then black. After water 
changes, the water would change from light brown to black 
as the corals depurated oil. The corals appeared to purge 
most of the material within 7 d, but continued to display 
retracted polyps, exuded mucus, and showed signs of tissue 
loss for another 5 d. By the end of week 2, the water in 
Figure 2. Oil slicks observed over a 10 
km wide area during a sampling trip to 
GI 90 block platforms on 14 September 
2011, 13 mo after the BP well had been 
capped. The foamy beige surface oil was 
similar in appearance to the oil discharge 
from coral skeletons (see Figure 4C).
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the tanks remained clear overnight and the surviving cor-
als began to extend their tentacles and started feeding on 
shredded shrimp.
By day 14, 80% of the coral polyps sloughed off injured 
tissue and transformed into bleached skeletons. The re-
maining 20% maintained their orange tissue (T. coccinea) 
or dark green tissue (T. micranthus) and regained their vigor. 
After 4 wk in the quarantine tanks, the surviving corals were 
feeding regularly and exhibiting normal color and behavior 
(Figure 3A). 
By week 6, evidence of asexual reproduction could be 
seen in T. coccinea on the coral skeletons. The yellow coral 
polyps (Figure 3B) exhibited “budding” or asexual reproduc-
tion on the skeletons of recently morbid coral.
4 August 2011
Of the 80 coral colonies transported to the laboratory, 
70% showed visible signs of polyp mortality. The remaining 
30% that appeared healthy were placed in quarantine tanks. 
The water turned black after 9 h in the aquaria and corals 
continued to discharge oil after each water change for 7 d. 
The black oily water in quarantine tanks (Figure 4A) was 
present 48 h after the corals were placed in the aquaria. The 
foamy surface oil (Figure 4B) continued to appear after 5 d 
of water changes. 
After 7 d in quarantine, 90% of the corals showed signs 
of substantial tissue regression (>50%), and the cultivation 
was then terminated for study purposes. Several of the larg-
est colonies of T. coccinea were placed in fresh water for 28 d 
where they continued to discharge crude oil and slough off 
tissue postmortem (Figure 4C).
Chemical analysis of the hydrocarbon exudate from the 
corals matched crude oil signatures characteristic of oil from 
the MC—252 field. ALS Laboratories performed a critical—
difference analysis of the calculated ratios of biomarker 
which revealed that 7 out of 8 ratios obtained from the 
coral samples matched those obtained for MC—252 crude 
oil. This suggests, from a weight—of—evidence approach, 
that the crude oil found in the water of the coral quaran-
tine tanks was a positive match with the crude oil from the 
MC—252 well. 
dIscussIon
Coral samples have been collected at the GI 90 block 
platforms since 10 July 2005, including eight occasions be-
tween 14 June and 21 October 2010, during and shortly af-
ter the MC—252 blowout period. Prior to 8 May 2011, we 
Figure 3. A. Coral polyps that survived 4 wk in quarantine: orange 
colony = Tubastrea coccinea; dark green colony = Tubastrea micranthus. 
B. “Budding” yellow polyps (arrows), evidence of asexual reproduction, 
found growing on 10% of the colonies by week 6. Previously, during weeks 
1 and 2, the corals had sloughed off muscle tissue from their stomach and 
calyx, and the skeletons were bleached. 
Figure 4. Examples of quarantine aquaria. A. The oil ingested by the 
corals turned the water black after 48 h (10 August 2011). B. Day 5 
in quarantine tanks (13 August 2011), the corals continued to purge oil. 
Brownish black foam appeared on the surface. C. The dead coral contin-
ued to leach beige foamy crude oil after 28 d in fresh water (8 September 
2011). The surface oil in the container is similar to crude oil slicks observed 
offshore (Figure 2). 
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lIterature cIted
found no visual evidence of oil discharge in tank water or 
high polyp mortality among corals during the previous 7 yr 
of coral collection for research, including during and after 
the BP oil—well blowout. In the past, we noted that colonies 
of T. coccinea occasionally discharged orange materials dur-
ing and shortly after transport from the platform to the lab-
oratory, likely from the coelom or muscle tissue. Tubastrea 
spp. are known to respond to stress by producing tubastrine, 
a mucus material that protects the colony from biological 
and viral threats (Meyer et al. 2009). Prior to 8 May 2011, 
the corals in quarantine tanks occasionally discharged or-
ange materials, requiring one water change to clear from 
the tanks; however, the oil discharges in June and August of 
2011 were greater and lasted longer.
Coral behaviors during the June and August 2011 obser-
vation periods were similar in that the coral discharged oil 
for 7 d; however, the first group of corals discharged a white 
milky material for the first 14 h whereas the second group 
of corals initially discharged oil that turned the water in the 
tank black within 9 h. The second observation period was 
shorter due to the high rate of mortality (90%) of coral pol-
yps. During the 4 August 2011 quarantine period, concen-
trations of oil were noticeably different from tank to tank; 2 
of the 57 L tanks were substantially darker than other tanks. 
In addition to scleractinian corals, gorgonians, sponges, 
tunicates, barnacles, bryozoans, hydrozoans, and oysters in-
habit the offshore platforms (Gallaway et al. 1981, Lewbel 
et al. 1987, Dokken et al. 2000, Carney 2005, Rouse 2009). 
White et al. (2011) investigated deepwater coral reef habitats 
(1,370 m) and found crude oil impacts on scleractinian, gor-
gonian, and antipatharian corals 11 km SW of BP’s MC—
252 well 3 mo after its reported capping. They describe the 
appearance of a “brown flocculent material” on the surface 
of the invertebrates which resemble the materials on the 
corals found here (see Figure 1B). The coral samples (n = 
5) were subjected to chemical analysis and biomarkers were 
found to match MC—252 oil (White et al. 2012).
The heterotrophic coral on the GI 90 block platforms 
appear to be assimilating subsurface crude oil. About 3,500 
major structures are scattered across the northern GOM 
(BOEM 2012) and we suggest that some heterotrophic and 
filter—feeding organisms on the pilings of offshore plat-
forms can be used to determine the source (Wang et al. 
2006; Hansen et al. 2007) as well as the horizontal and ver-
tical distributions of BP’s MC—252 oil spill. Therefore, by 
collecting corals from platforms in other areas of the GOM 
and analyzing the organisms for hydrocarbons, one might 
be able to determine the geographic range of the MC—252 
crude oil plume. The combination of these data could pro-
vide geographic insight into the BP MC—252 spill and assist 
in determining recent and historical exposure to subsurface 
crude oil. 
acKnoWledgeMents
 We would like to express our gratitude E. Webb for his comments on the manuscript.
Bureau of Ocean Energy Management (BOEM) 2012. Platform 
database of all structures in the Gulf of Mexico. http://www.
gomr.boemre.gov/homepg/pubinfo/freeasci/platform/free-
plat.html (viewed on 11/14/12).
Carney, R.S. 2005. Characterization of Algal—Invertebrate Mats at 
Offshore Platforms and the Assessment of Methods for Artifi-
cial Substrate Studies. OCS Study MMS 2005—038. Final Re-
port. U.S. Department of the Interior, Minerals Management 
Service, Gulf of Mexico OCS, New Orleans, LA, USA, 93 p. 
Crone, T.J. and M. Tolstoy. 2010. Magnitude of the 2010 Gulf of 
Mexico oil leak. Science 330:634.
Dokken, Q.R., K. Withers, S. Childs, and T. Riggs, 2000. Char-
acterization and comparison of platform reef communities 
off the Texas coast. TAMU—CC—0007—CCS. Final Report, 
Center for Coastal Studies Texas A&M University—Corpus 
Christi, Texas, USA, 75 p.
European Committee for Standardization (ECS). 2012. Oil spill 
identification – waterborne petroleum and petroleum prod-
ucts – Part 2: Analytical methodology and interpretation of re-
sults based on GC—FID and GC—MS low resolution analyses. 
Beuth Verlag, Berlin, Germany, 56 p. 
Gallaway, B.J., L.R. Martin, R.L. Howard, G.S. Boland, and G.D. 
Dennis. 1981. Effects on artificial reef and demersal fish and 
macrocrustacean communities. The Buccaneer gas and oil 
field study. Marine Science 14:237—299.
Hansen, A.B., P.S. Daling, L. Faksness, P. Kienhuis, and R. Duss. 
2007. Emerging CEN methodology for oil spill identification. 
Oil spill environmental forensics. In: Z. Wang and S.A. Stout, 
eds. Oil Spill Environmental Forensics: Fingerprinting and 
Source Identification, Academic Press, New York, NY, USA, 
p. 229—256. 
Joye, S.B., I.R. MacDonald, I. Leifer, and V. Asper. 2011. Magni-
tude and oxidation potential of hydrocarbon gases released 
from the BP oil well blowout. Nature Geoscience 2011:160–
164.
Lewbel, G.S., R.L. Randall, and B.J. Gallaway. 1987. Zonation of 
dominant fouling organisms on northern Gulf of Mexico pe-
troleum platform. Marine Environmental Research 21:199—
224. 
103
 Oil Depuration by Corals
Meyer, M., F. Delberghe, F. Liron, M. Guillaume, A. Valentin, 
and M. Guyot. 2009. An antiplasmodial new indole alkaloid 
from the hard coral Tubastrea sp. Natural Product Research 
23:178—182.
Peters, K.E. and J.W. Moldowan. 1993. The Biomarker Guide: 
Interpreting Molecular Fossils in Petroleum and Ancient Sedi-
ments. Prentice Hall, Englewood Cliffs, NJ, USA, 363 p. 
Peters, K.E., C.C. Walters, and J.W. Moldowan, 2005a. The Bio-
marker Guide. Volume 1: Biomarkers and Isotopes in the En-
vironment and Human History. Cambridge University Press, 
Cambridge, UK, 492 p. 
Peters, K.E., C.C. Walters, and J.W. Moldowan, 2005b. The Bio-
marker Guide. Volume 2: Biomarkers and Isotopes in Petro-
leum Systems and Earth History. Cambridge University Press, 
Cambridge, UK, 704 p. 
Rouse, L. 2009. Evaluation of oil and gas platforms on the Loui-
siana continental shelf for organisms with biotechnology po-
tential. OCS Study MMS 2009—059. Technical Report, US 
Department of the Interior, Minerals Management Service, 
Gulf of Mexico OCS Region, New Orleans, LA, xi + 53 p. 
Sammarco, P.W., A.D. Atchison, D.A. Brazeau, G.S. Boland, and 
A. Lirette. 2009. Coral distribution, abundance, and genetics 
in the Northern Gulf of Mexico: Role of the Flower Garden 
Banks and Oil/Gas Platforms. Proceedings, US Department 
of Interior, Minerals Management Service Information Trans-
fer Meeting, New Orleans, LA. USA, 29 April 2009, 23 p. 
Sammarco, P.W., S.A. Porter, and S.D. Cairns. 2010. A new coral 
species introduced into the Atlantic Ocean — Tubastrea micran-
thus (Ehrenberg 1834) (Cnidaria, Anthozoa, Scleractinia): An 
invasive threat? Aquatic Invasions 2:131—140.
Sammarco, P.W., D.A. Brazeau, and J. Sinclair. 2012. Genetic 
connectivity in scleractinian corals across the northern Gulf 
of Mexico: oil/gas platforms, and relationship to the Flower 
Garden Banks. PLoS ONE 7: e30144.
Wang, Z., S.A. Stout, and M. Fingas. 2006. Forensic fingerprint-
ing of biomarkers for oil spill characterization and source 
identification. Environmental Forensics 7:105—146. 
Wang, Z., C. Yang, M. Fingas, B. Hollebone, U.H. Yim, and J.R. 
Oh. 2007. Petroleum biomarker fingerprinting for oil spill 
characterization and source identification. In: Z. Wang and 
S.A. Stout, eds. Oil Spill Environmental Forensics: Finger-
printing and Source Identification. Elsevier, Inc., Amsterdam, 
The Netherlands, p. 73–146. 
White, H.K., P.Y. Hsing, W. Cho, T.M. Shank, E.E. Cordes, A.M. 
Quattrini, R.K. Nelson, R. Camilli, A.W. Demopoulos, C.R. 
German, J.M. Brooks, H. Roberts, W. Shedd, C.M. Reddy, 
and C.R. Fisher. 2012. Impact of the Deepwater Horizon oil 
spill on a deep—water coral community in the Gulf of Mexi-
co. Proceedings National Academy of Sciences 109: 20303—
20308.
